Abstract Mold association, aflatoxin B 1 contamination as well as oxidative deterioration of agri-food items during storage and processing are some global task for food industries. In view of the adverse effects of some synthetic preservatives on treated food items and subsequently on consumers health, recently plant based chemicals are encouraged by food industries as better alternatives of synthetics. The present study recommends the combination (1:1:1) of Angelica archangelica essential oil: Phenyl ethyl alcohol (PEA): α-terpineol as botanical preservative against molds, aflatoxin contamination and oxidative deterioration of walnut samples. Eight mold species were procured from stored walnut samples, including some aflatoxigenic Aspergillus flavus strains. The combination inhibited growth of aflatoxigenic strain Aspergillus flavus NKDW-7 and aflatoxin B 1 production at 2.25 and 2.0 μL mL −1 respectively. The IC 50 value of the combination was recorded as 3.89 μL mL −1
Introduction
Walnut (Juglans regia L.) is an important temperate nut fruit used as traditional food and also as ingredients of sauces, stuffing, snacks, appetizers in Mediterranean, South America, and Asian countries. Walnut fruits are the richest source of polyunsaturated fatty acids (PUFAs) (47.2 g), predominantly linoleic (38.1 g) and α-linolenic (9.1 g) acids; and protein (15.2 g); fiber (6.7 g); phosphorus (346 mg); potassium (441 mg); folate (98 μg); and vitamin E (2.9 mg) each per 100 g and low sugar (Feldman 2002) . In India, Jammu and Kashmir, Uttaranchal and Himachal Pradesh are the major producers of walnut. Because of dried material from plant origin, walnut fruits are highly susceptible to contamination with storage moulds and associated mycotoxins.
In addition to microbial contamination during prolong storage, fruits and agri-commodities are also deteriorated by oxidative deterioration through free radicals which are responsible for damage of cells and adversely affect the food quality. Oxygen free radicals/reactive oxygen species (ROS) have been a source of the threat in both food systems (decreasing the shelf stability) as well as in biological systems causing chronic diseases. Adverse effects of ROS in various biomolecules such as lipids, proteins, carbohydrates, as well as nucleic acids, are well reported (Halliwell 1997) .
The current strategies for the management of microbial contamination and oxidative deterioration of agri-commodities viz., low temperature, cooling, aeration, rapid drying vacuum packaging, modified atmosphere packaging (MAP) and use of synthetic preservatives/antioxidant are not sufficient to eliminate the undesirable pathogen, mycotoxins as well as to inhibit oxidative deterioration (Holley and Patel 2005; Tajkarimi et al. 2010) . Although application of synthetic preservatives has greatly contributed to in control of crop pests, such measures are not appropriate for treatment of fruits and food items due to their side effects on human health (Brula and Coote 1999) . Moreover, some of the synthetic preservatives used as antioxidants have been reported to enhance the mycotoxin secreting potency of associated fungi (Kumar et al. 2007; Prakash et al. 2010) .
The role of different plant products as a preservative is well known since antiquity. The plant kingdom is recognized as the most efficient producer of chemical compounds, synthesizing many products that are used in defense against different pests and having antioxidant potential (Burt 2004; Holley and Patel 2005; Tajkarimi et al. 2010) . Among plant products, essential oils (EOs) of higher plants and their components are gaining interest as food additives and are widely accepted by consumers because of their relatively high volatility, ephemeral and biodegradable nature (Burt 2004; Tripathi and Dubey 2004; Jaya et al. 2012; Kedia et al. 2013) . Some of the EOs based formulation such as Sporan-TM (Rosemary oil), Promox-TM (Thyme), and DMC base natural (rosemary, sage, citrus oil combination) (Dayan et al. 2009; Shukla et al. 2009 ) are available in the market and used as antimicrobial as food preservatives.
In view of these facts, there is need of a plant based formulation which can effectively inhibit molds and aflatoxin contamination as well as oxidative deterioration of food items. In some of the earlier reports, combinations of EOs with components/ used preservative have shown better results than the individual ones because of changed chemical profile or synergistic effects between different biologically active components (Tatsadjieu et al. 2010; Prakash et al. 2012b) . Therefore, in present investigation a plant based combination (1:1:1) of traditionally used plant Angelica archangelica EO, and two essential oil components viz., Phenyl ethyl alcohol, α-terpineol, widely used as flavouring, liqueur, confectionary and antibacterial agent (Hall 1960; Dorman and Deans 2000; Prajapati et al. 2003 ) was prepared and tested for its efficacy against storage fungi of walnut fruits, aflatoxin secretion and as free radical scavenger so as to recommend it in enhancement of shelf life of fruits. In addition, its efficacy was compared to its individual gradients so as to conclude the synergisms between its components. The safety profile of the EO based combination was assessed by determining its LD 50 through oral toxicity on mice.
Materials and methods
Chemicals and equipments All the chemicals viz. chloroform, methanol, sodium sulphate, tween-80, tween-20, toluene, isoamyl alcohol, Potato dextrose broth (PDB), SMKY (Sucrose 200 g; MgSO4·7H2O, 0.5 g; KNO3, 0.3 g and yeast extract, 7 g; 1 L distilled water), 2,2-diphenyl-1-picrylhydrazil (DPPH), were procured from Hi-Media Laboratories Pvt. Ltd., Mumbai, India. Phenyl ethyl alcohol (PEA) and α-terpineol were procured from Ozone International, Mumbai, India (purity of the components was >99 %). The major equipments used were hydro-distillation apparatus (Merck Specialities Pvt. Ltd., Mumbai, India), centrifuge, UV transilluminator (Zenith Engineers, Agra, India) and spectrophotometer (Systronics India Ltd., Mumbai, India).
Isolation of plant essential oil The root samples of A. archangelica were collected from the Botanical garden, Banaras Hindu University, Varanasi, India, during August 2011. The plant was identified with the help of relevant taxonomic literature/flora and their voucher specimen (Api./ Ang-07/2011) was deposited in the herbarium of the Laboratory of Herbal Pesticides, Department of Botany, BHU, Varanasi. The root samples were thoroughly washed thrice with distilled water and then subjected to hydrodistillation (4 h) in Clevenger's apparatus (Prakash et al. 2010) . The EO of root samples of A. archangelica was collected separately in sterilized glass vial. The water traces from the essential oil was removed by adding anhydrous sodium sulphate thereafter the EO was kept at 4°C in dark for further experiments.
Collection of Walnut samples Walnuts (Juglans regia L.) samples were procured from the local market of Jammu and Varanasi, India in the month of May to June 2011. The collected samples were stored in sterilized polythene bags to prevent further contamination and were stored at 10°C until analysis.
Moisture content and pH of Walnut Fifty grams of walnut sample was dried at 100°C in hot air oven for 24 h and moisture content was calculated based on difference with the fresh weight (Mandeel 2005) . For pH, 1 g of walnut sample was finely ground using mortar-pestle and 1:10 (sample: distilled water) suspension was prepared and stirred for 24 h. The pH of the suspension was recorded using electronic pH meter (Prakash et al. 2010 ).
Mycological analysis of Walnut Mycological analysis of walnut samples was carried out by serial dilution method Aziz et al. (1998) . Prior to mycological screening seed samples were surface sterilized by 1 % NaOCl for 5 minutes thereafter rinsed with distilled water thrice. Thereafter, 10 g of powdered samples of two selected region was homogenized in 90 mL sterile distilled water in an Erlenmeyer flask (250 ml). Five fold serial dilutions were prepared and 1 mL of aliquot (10 −4 ) of each sample was inoculated on a Petri dish containing 10 mL freshly prepared PDA medium. Ten replicates of each sample were prepared and incubated (27±2°C) for 7 days. Different fungal colonies were counted and species were identified following Gilman 1998. The percent occurrence frequency of fungal species were calculated following formula; % occurrence frequency ¼ number of fungal isolate=total number of fungal isolates ð Þ Â 100
Detection of aflatoxigenic isolates of Aspergillus flavus A total of 24 isolated (12 from each region) of A. flavus procured from walnut samples were screened for their ability for production of aflatoxin B 1 (AFB 1 ) following Kumar et al. (2007) . A 5 mm fungal disc (7 days old culture) of each selected A. flavus isolate grown on PDA medium was cut with the help of sterilized cork borer aseptically and inoculated on 25 mL of the SMKY medium in 100 mL flask containing streptomycin (300 mg L −1
) for controlling bacterial growth and was kept for 10 days incubation period at 27±2°C in B.O.D (Biochemical oxygen demand) incubator. Thereafter, the content of each flask was filtered (Whatman No. 1) and filtrate was extracted with 20 mL chloroform. The extract was evaporated to dryness on water bath and re-dissolved in 1 mL chloroform. Fifty microliters of chloroform extract was spotted on TLC plates along with the standard of AFB 1 and developed in toluene:isoamylalcohol:methanol (90:32:2 v/v/ v). The plate was air dried and AFB 1 was observed in UVtransilluminator (360 nm). The appearance of blue fluorescent spot in the UV transilluminator by different A. flavus isolates was recorded as their toxin producing ability.
The amount of aflatoxin secreted by the A. flavus isolates in medium was quantified by Thin Layer Chromatography (TLC) followed by spectrophotometry. The blue color fluorescent spot in TLC plate were scratched and dissolved in 5 mL cold methanol and centrifuged at 5,000 rpm (5 min). Absorbance of the supernatant was recorded at 360 nm and AFB 1 was calculated following Kumar et al. (2007) . ). The concentrations were prepared separately by dissolving their requisite amount in 0.5 ml 4 % tween-20 and were then added to 9.5 ml of PDB medium in culture tube. The tube containing only PDB medium and A. flavus (NKDW-7) without any treatment served as controls. Both the treatment and control sets were incubated for 10 days at 27 ±2°C in B.O.D incubator. The tube showing no visible growth of test mold after 10 days of incubation periods were recorded as MIC value of test EO, component, and their EObased combination. For MFC, 5 mm disk of A. flavus (NKDW-7) of medium from the test tube showing no visible growth was subcultured on freshly prepared treatment-free PDA plates. MFC is the lowest concentration test compound at which there was no revival of growth of the inhibited fungal inoculums on treatment-free PDA plates.
Effect of Angelica archangelica EO, Phenyl ethyl alcohol and α-terpineol alone and in combination (1:1:1) on aflatoxin B 1 synthesis For aflatoxin inhibitory efficacy different amounts of A. archangelica EO, PEA and α-terpineol alone and in EObased combination (1:1:1 v: v: v) were added to SMKY broth medium to achieve final concentration ranged between (0.25 and 5.0 μL mL
−1
). The concentrations were prepared separately by dissolving their requisite amount in 0.5 ml 4 % tween-20 and were then added to 24.5 ml of SMKY broth medium in 100 mL Erlenmeyer flasks. Thereafter, A 5 mm diameter disk of A. flavus (NKDW-7) was cut from the periphery of 7 day old colony was inoculated aseptically on SMKY medium. The isolation and quantification of aflatoxin B 1 in given treatments were calculated by the method described by Kumar et al. (2007) .
DPPH free radical scavenging activity of Angelica archangelica EO, Phenyl ethyl alcohol and α-terpineol alone and in combination (1:1:1) Free radical scavenging activity of Angelica archangelica EO, PEA and α-terpineol alone and as combination (1:1:1) were determined through spectrophotometeric assay by recording the extent of bleaching of the purple-colored methanolic solution of DPPH to yellow Prakash et al. (2010) . Different concentrations (1.0 to 10.0 μL mL −1 within the intervals of 0.5 μL mL ) for BHT (as a control) were added to 0.004 % methanolic solution of DPPH and kept in dark at room temperature (25±2°C) for 30 min. Thereafter, the absorbance was taken against a blank at 517 nm using spectrophotometer. Reduction in absorbance of the sample as compared to blank was measured as potential of DPPH free radical scavenging of test samples. IC 50 (the concentration responsible for the 50 % neutralization of DPPH radicals) was calculated from the graph plotted on percentage inhibition and concentration. Percent inhibition (I%) of free radical was calculated as
where, A blank is the absorbance of the blank (without any test samples), and A sample is the absorbance of the test samples.
Fungitoxic spectrum of EO-based combination against the isolated molds species Based on the preliminary results the EO-based combination was further tested for its MIC value against all the food borne molds species isolated from walnut by the method reported earlier by Shukla et al. 2009 .
Effect of EO-based combination on ergosterol content in the plasma membrane of test fungus Aspergillus flavus (NKDW-7)
The ergosterol content in the plasma membrane of test fungus A. flavus (NKDW-7) was determined by method described earlier by Tian et al. 2012 with slight modifications. 50 μL spore suspension of test fungus A. flavus containing 10 6 spores mL −1 was inoculated in 100 mL flask amended with SMKY medium containing different concentrations viz., 0, 0.50, 1.0, 1.50, 2.0, 2.25 μL mL −1 of (1:1:1) combination of A. archangelica:PEA:α-terpineol. Thereafter, flasks were incubated for 4 days at 28±2°C in B.O.D incubator. After incubation period mycelia was harvested and washed twice with distilled water. The net wet weight of the cell pellet was determined. Thereafter, 5 mL of 25 % alcoholic potassium hydroxide solution (25 g KOH and 35 ml sterile distilled water, brought to 100 ml with absolute ethanol) was added to each sample and vortex mixed for 2 min followed by incubation at 85 ±2°C for 4 h in water bath. Thereafter, sterols were extracted from each sample by adding a mixture of 2 ml sterile distilled water and 5 mL n-heptane. Then, the mixture was sufficiently mixed by vortex for 2 min allowing the layers to separate for 1 h at room temperature. Thereafter, n-heptane layer was analyzed by scanned spectrophotometry between 230 and 300 nm. The presence of ergosterol (at 281.5 nm) and the late sterol intermediate 24(28) dehydroergosterol (at 230 and 281.5 nm) in the nheptane layer led to a characteristic curve. The ergosterol amount was calculated as a percentage of the weight of the fungal mycelia and was based on the absorbance and wet weight of the fungal mycelia (initial pellet weight). The ergosterol amount was calculated by the given formula by Tian et al. 2012 .
% ergosterol+ %24 (28) Where; 290 and 518 are the E values (in percentages per cm) determined for crystalline ergosterol and 24(28) dehydroergosterol, respectively, and pellet weight is the net wet weight (g).
Safety assessment of EO-based combination by determination of LD 50 on mice The safety limits of EO-based combination was determined by recording LD 50 values (lethal dose of oil per unit body weight for killing 50 % population ) on mice (Mus musculus L., average weight 30.0 g, age 3 months) of the same sex ). Mice were procured from the Institute of Medical Sciences, Banaras Hindu University, Varanasi, and were kept in a laboratory under controlled environmental conditions (25 ± 2°C) for 20 days to acclimatize prior to LD 50 experiments. A stock solution of tween-80 and distilled water (1:2) was prepared. Different doses of EO-based combination (0.025 to 0.5 mL) were mixed separately with 0.5 ml stock solution and were orally administered to each group of animal (10 mice) separately with the help of fine syringe and catherator. In control set equal dose of tween-80 and distilled water solution and administered orally to the mice. After 4 h, the mortality of the test animals was recorded and LD 50 of EO-based combination calculated by probit analysis (Finney 1971) . After experiments the alive animals were killed by chloroform treatment and were buried in the soil of botanical garden BHU, Varanasi following the ethical precautions.
Statistical analysis
All experiments except mycoflora analysis and ergosterol content were repeated thrice and data are the mean±standard error. Data of aflatoxin B 1 subjected to one way ANOVA. Means were separated by Tukey's multiple range tests when ANOVA was significant (p<0.05). Probit analysis was performed to estimate lethal dose (LD 50 ) with its 95 % fiducial limits. The analysis of data was performed with the SPSS program version 16.0.
Results
During hydrodistillation the yield of A. archangelica L. root oil ranged between (0.1 % and 0.12 %). The moisture content and pH of the walnut samples was recorded to be 10.5±0.45 and (4.9 to 5.2) respectively for those collected from Jammu region while 14.43±1.02 and (5.2 to 5.8) respectively for Varanasi region. Result of mycoflora analysis of walnut samples of two different climatic zones, Jammu and Varanasi depicted that fruit samples of both regions were contaminated with the storage molds (Fig. 1) . A total of 08 fungal species were isolated by serial dilution methods. The results revealed A. flavus (30.98 and 38.45), and A. niger (38.02 and 27.45) as dominated fungal species over other species in both Jammu and Varanasi region respectively. The percent occurrence frequency of different fungal species associated with the walnut is summarized in (Fig. 1) .
A total of 24 (twelve from each region) A. flavus isolates were randomly selected for screening of aflatoxin producing ability where 07 isolates from Varanasi region and only two from Jammu region were found positive for aflatoxigenic potential based on the prominent blue color fluorescent spot on TLC plate . During qualitative estimation based on aflatoxin B 1 content (μg L A. flavus (NKDW-7) was selected for the detailed investigation for entire antimicrobial assay and is maintained in the laboratory for future reference. , as the revival growth of inhibited mold disk was observed when it was inoculated in fresh PDA medium suggesting fungi static nature of test samples (Table 1) .
The results of aflatoxin inhibitory activity revealed that α-terpineol, PEA and the combination exhibited complete inhibition of aflatoxin production by test fungus A. flavus (NKDW-7) at 1.5 μL mL respectively in the SMKY medium (Table 2 ). However, A. archangelica oil as such could not inhibited aflatoxin production up to 5.0 μL mL . The IC 50 value of synthetic antioxidant BHT was found to be 7.4 μg mL −1 (Table 3) .
The fungitoxic spectrum of EO-based combination was found in following order Penicillium citrinum (1.0 μ L mL − 1 ) > Rhizopus stolonifer, Mucor sp.
(1.5 μL mL − 1 ) > Fusarium graminearum, Fusarium oxysporum (1.75 μL mL ). Hence, the EO-based combination inhibited the growth of all molds species at its respective MICs showing broad fungitoxic spectrum (Fig. 2) . Penicillium citrinum was recorded as the most susceptible as it was inhibited completely by the EO-based combination even at 1.0 μL mL −1 . The effects of EO-based combination of A. archangelica EO, α-terpineol, PEA on ergosterol content in the plasma membrane of A. flavus (NKDW-7) was recorded to assess the antifungal mechanism of action. A dose dependent decrease in ergosterol content was observed on increasing (Fig. 3) .
During safety profile trials on mice, the LD 50 values of the EO-based combination determined through oral administration was calculated to be 9562.9 μL kg −1 body weight.
Discussion
The results of present investigation revealed that walnut seed samples were contaminated with various mold species along with the toxigenic strain of A. flavus. The findings are supported by the results of earlier observation where Aspergillus spp. and its associated toxins were one of the most predominant molds species in some of dry fruit samples (Abdel-Hafez and Saber 1993; Kumar et al. 2011; Zubair et al. 2011) . Moisture content of walnut samples of Varanasi region was found to be more than the prescribed storage condition (13.5 %) as reported by Prakash et al. 2012c and supported the growth of molds and the toxigenic strains. Although, the Table 2 Effect of α-terpineol, phenyl ethyl alcohol (PEA) and their EO-based combination on mycelia biomass and aflatoxin B 1 production by A. flavus (NKDW-7) in SMKY medium Conc.
(μL mL moisture content of walnut seed samples of Jammu region was safe for storage but during mycological screening the samples were found to be contaminated with the molds species. Hence it may be concluded that chemical profile of substrate along with storage conditions also influence the growth of molds as earlier emphasized by Prakash et al. (2010) . However, percent occurrence of different molds species was found to be different in Varanasi and Jammu regions. This may be due to the significant difference in storage practices, moisture, climatic conditions, Varanasi region being warmer and humid having favorable conditions for molds growth and proliferation with respect to Jammu region. During screening of aflatoxigenic potential of A. flavus strains, only two strains from Jammu region and seven from Varanasi exhibited the potential to produce aflatoxin in liquid medium. The presence of toxigenic strain of A. flavus in walnut samples would be responsible for both qualitative and quantitative biodeteriorations. Amongst the toxigenic strains of A. flavus, the strain NKDW-7 isolated from walnut samples of Varanasi region was found to be highly toxigenic, and was therefore, selected for detailed investigation.
In the present investigation, the MIC value of α-terpineol (1.75 μL mL ) was found to be lower than the some of the earlier reported essential oils viz. Cicuta virosa (5.0μL mL −1 ), Cinnamomum jensenianum (8.0μL mL ) and frequently used food preservative viz. sodium benzoate (>10.0 μL mL −1 ) (Tian et al. 2011 (Tian et al. , 2012 Prakash et al. 2012c) . Low MIC value of EO-based combination supports its recommendation at a lower dose which would be economical for the stakeholders. Since α-terpineol, PEA and the EO-based combination showed fungistatic properties the findings strengthen their application as an ideal antifungal agent in integrated pest management program which prefers static nature of preservatives rather than their cidal activity.
During the aflatoxin inhibitory assay of A. archangelica oil, α-terpineol, PEA and their combination, a positive correlation between the subsequent decrease in mycelium growth and aflatoxin B 1 production with increasing concentrations was found in all treatment sets except A. archangelica oil. α -terpineol, PEA and the combination caused complete inhibition of aflatoxin B 1 production at concentration below their MIC. This may be due to their different mode of action on fungal growth inhibition and aflatoxin suppression as has been reported in the oils of Lippia alba, Thyme oils (Shukla et al. 2009; Rasooli and Abyaneh 2004) . The findings of present investigation are supported by earlier observation of that the inhibition of AFB 1 synthesis below the MIC value is attributed by reduced fungal growth as well as inhibition of carbohydrate catabolism in A. flavus by acting on some key enzymes along with the lack of sporulation in fungal mycelia (Tian et al. 2011; Prakash et al. 2012b) .
Apart from microbial infestation and aflatoxin contamination, the shelf life of food items is also reduced by toxic reactive oxygen species (ROS) molecules causing oxidative stresses and biodegradation. In addition, the metabolic products of aflatoxin B 1 (AFB 1 -8,9-exoepoxides) have also been reported responsible for the stimulation of the lipid peroxidation by enhancement of highly reactive molecules (ROS) (Choy 1993) . Therefore, the antioxidant activity of A. archangelica oil, α-terpineol, PEA and their combination along with the commonly used synthetic antioxidant butylated hydroxytoluene (BHT), was tested through DPPH free radical scavenging assay. DPPH method is polarity independent, frequently employed method for determination of antioxidant activity Kedare and Singh 2011) . Highest radical scavenging activity was shown by BHT > A. archangelica oil > EO-based combination>α-terpineol while, PEA was recorded as non radical scavenging agent as it could inhibit only 4.33 at 150 μL mL −1
. Based on the carcinogenic reports, the large scale application of BHT is restricted by food industries (Wichi 1986 ). Therefore, in order to prolong the shelf life of food items against oxidative deterioration, there is strict need to developed plant based safe antioxidant agent.
In the present investigation, the EO-based combination of A. archangelica oil, α-terpineol, PEA showed better efficacy in inhibition of molds growth, aflatoxin production, as well as antioxidant agent with respect to intact oil and the individual α-terpineol, phenyl ethyl alcohol. The combination also exhibited broad fungitoxic spectrum against all the isolated mold species from walnut. The findings thus strengthen its application for complete protection of food items from different molds species and also in qualitative control of aflatoxin contamination and lipid per oxidation. The antifungal action of plant EO and EO based combination has been supposed to be because of their lipophilic nature, responsible for disruption of plasma membrane and thereby negatively affect the chief cellular components particularly mitochondria as has been supported by the transmission electron microscopy studies on EO treated A. flavus culture by Tian et al. 2011 Tian et al. , 2012 Ergosterol, a sterol, is a component of yeast and fungal cell membranes, Because of this ergosterol is a obvious target for antifungal drugs. Keeping this point in view the antifungal activity of EO-based combination was also assessed in terms of decrease in ergosterol content with the different concentrations. Our results reveal that EO-based combination can induce a considerable impairment of the ergosterol biosynthesis by A. flavus. Thus, the plasma membrane is an important site for the antifungal mechanism of EO based combination. The finding are supported by the earlier findings of some workers with azole antifungal drugs and some essential oils, inhibit fungal cell growth, because of the disruption of normal sterol biosynthetic pathways resulting in a decrease of ergosterol biosynthesis (Kelly et al. 1995) .
To assess the safety limit of EO-based combination regarding its application as food preservative, its LD 50 values was calculated through oral administration on mice (acute oral toxicity LD 50 ) which is widely used and accepted method for determination of safety profile of plant products. The LD 50 values of EObased combination were found to be 9562.9 μl kg −1 as per body weight of mice. The high LD 50 values was found to be higher than the some well known botanicals viz., azadirachtin (>5,000 mg kg ) and benzoic acid (LD 50 2,000-2,500 mg kg −1 ) and some commercial fungicides including Bavistin (1,500 mg kg −1 ) and Wettable Sulfur (5,000 mg kg −1 ) (Prakash et al. 2012a ). Thus the EO-based combination may be recommended as safe biorational plant based preservatives.
In conclusion, the EO-based combination of A. archangelica oil, α-terpineol, PEA has industrial potential as safe plant based preservative in view its efficacy against storage molds, aflatoxin production, as well as antioxidant agent. In addition high LD 50 value of EO-based combination strengthens its non mammalian toxicity during its application as a food preservative. However, further investigations during storage conditions are required to evaluate its cost-efficacy, mode of action and efficacy in food system before possible large-scale application.
